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The present invention relates to the suppres-
sion of detonation in an internal combustion en-
gine. The invention has been usefully applied

by the conditioning of air, fed to an internal‘com- |

bustion engine, particularly with reference to its
moisture content and its combustion qualifies.

Heretofore, air fed into internal combustion
engines was assumed fo have the same quality in
all cases.. However, it has been observed by
many that the engine performs differently on
different days and at-different times, particularly
at night time a betier performance was observed.
This is due to the moisture econtent of the air.
Such moisture content may be too much or too
little, and, furthermore, when the moisture con-
tent is high enough fo suppress defonation, it is
too high for proper burning speed

I have found that alcohol not only has sxmxlar
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heat of vaporization fo absorb a portion of the
heat radiated and conducted by the engine info
the incoming charge and also the reduction of the
temperature of the charge which may be caused
by residual gases not scavenged from the motor.

In a previous patent application, Serial No.
219,535, filed July 16, 1938, for Process and ap-
paratus for charging infernal combustion engines,
I have described means to regulate the intake
temperature of the motfor and also means of in-
troducing secondary anti-detonating fuels to sup-
press detonation, and I have also described the
results of the.use of such fuels which manifest

. themselves by maximum torque and horsepower
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detonation suppressing gualities to water, but it -

also has a fuel value and when mixed with water
it has an effect of causing an intimate flame con-
tact.

Since the fuel requires some latent heat of:

20

vaporization for good distribution, and some of : -

the components of the fuel have boiling points up
to 400° P, it is not desirable to starve the fuel for
heat,” although such heat supply should be mod-
erate. The alcohol’ and water, however, if not

100% vaporized, would not show results very de- -

trimental t6 the engine operation. Suech alcohel
and water should not be supplied in a heated con=
dition, or, in other words, already having ab-
sorbed the latent heat of vaporization but it
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output of the engine when properly used.

In my copending application Ser. No. 259,806,
executed on March 2, 1939, and filed on even date
herewith, I have described a device ‘using a pri-
mary fuel-air mixture and a secondary fuel mixed
with air, and in which such secondary fuel is
used mainly as a detonation suppressor. Said ap-
plication describes the' benefits obtained from
physical and chemical properties of said detona-
tion suppressor.

- An object of this invention is fo provide a de-
tonation suppressor having the desired charac-
teristics above referred to and a method of using
the same to produce improved efficiency and
economy of operation of an internal combustion
engine. '

Further objects and advantages of the inven-’

" tion will more fully appear from the following

should be supplied reasonably cool, say about 60° -

F,, so that it may absorb any excess heat left over
from the vaporization of the main engine fuel
such as gasoline.

I, therefore, supply the alcohol and water at"

35

the point where the gasoline has already absorbed . -

its latent heat of vaporization which has the ef-
fect of high. volumetric efficiencies and there is

40

always heat available in the cylinder itself from -

the residual gases.

It is, of course, understood that I may abstract .

excess moisture by the usual bafile methods or in
any other suitable manner in the event that ex-
cess moisture is already contained in the air, or, I
may vary the strength of the alcohol-wafer solu—
ticn to meet such conditions.

I have found that the suppression of detona-

~ tion is accomplished by & number of chemical and
physical actions. The fuel itself may be of a
nature causing relatively slow flame propagation,
and/or retardants may be used such as the well-
known tetra-ethyl lead and others.
The above represents the chemical type of de-
tonation suppressor and there may be also used
. what I might term a physical type of detonation
suppressor, whereby use is made of the latent

K

0

description taken in connection with the accom-

_ panying drawings which show, by way of exam-

ple, suitable apparatus for carrying out the
method. i

In the drawings:

Fig.lisa somewhat diagrammatic view show-
ing the genersl arrangement of the apparatus
relative to an internal combustion engine;

Fig. 2 is a vertical sectional view taken through
a part of the apparatus and showing certain de-
tails of the detona.tion suppressor feeding mech-
gnism;

Fig.3 isa honzontal sectmnal view taken at
33 of Fig. 2;

Fig. 4 is a vertical sectional v1ew taken at l—l
of Fig. 3; and

Fig. 5 is a vertical sectional vxew taken at 5—5
of Fig. 4.

The present mventmn is & continuation in part
of certain subject matter of said copending ap-
plication and is based upon correlating facts de--
seribed in the two patent applications hereinbe-
fore mentioned. One of the outstanding features
of the present invention resides in the fact that
I have found the B. t. u. value of the fuel and
its anti-detonating value must be carefully
balanced if maximum efficiency is to be accom-
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plished. This is a critical proportion which may
not be neglected, particularly if the anti-detona-
tor has any fuel value whatesoever. For exam-
ple: tetra-ethyl lead has substantially no fuel
value and varying proportions added to the fuel

can be so. gauged as to slow down the flame °

propagation of & given fuel permitting maximum
compression pressures and optimum spark set-
ting. Othér detonation suppressors, however,
such as alcohol, have a fuel value, Ethyl alcohol
has a fuel value of 12,000 B. t. u. per pound, and
gasoline a fuel value of approximately 18,000
B. t. u. per pound. For numerous reasons, it is
not practical to use a mixture of alcchol and
gasoline, and it is, therefore, desirable to use the
alcohol only within the detonation ranges which
has been described in the two other patent ap-
plications mentioned.

T have found that the detonation suppressing
quality of alcohol can bie increased by diluting the
aleohol with varying quantities of water. Such
a mixture is partially a physical and partially a
chemical detonation suppressor, as I have re-
ferred to previously in this application.

When alecohol or dilute-alcohol is added, there
still exists. however, a B. t. u. value which must
be carefully balanced with the primary fuel;
otherwise a lean or over-rich mixture may cause
a power loss. I may use for example: 25% al-
cohol and 75% water. In this case, there is a
fuel value of about 3,000 B. t. u. per pound of this

mixture supplied. If the engine has its best .

power with a fuel supply of say % pound of
gasoline per horsepower hour, there would then
be consumed, 9,000 B. t. u. per hour. If the above
alcohol mixture was added without deducting
proportionate amounts of gasoline, the engine
would be supplied with 12,000 B. t. u. per horse-
power hour which would cause an over-rich mix-

ture and consequently a power loss, with poor

economy. .

It must first be determined what the octane
requirements of a given engine should be for best
performance. For example: An engine with a
compression ratio of seven to one may require a
fuel mixture equivalent to 85 octane. It can be
experimentally determined with reference fuels
just what the octane number should be. It can
also be determined with an alcohol water mix-
ture of a given strength what the octane value
of such a mixture, when added to a given octane
rated fuel is, by varying the quantity of this fuel
reading the instrument on the dynamometer;
also, it must be carefully noted whether the ad-
dition of water causes a correct or incorrect re-
tarding action. This is simply determined by
adding water and until the power drops. The
addition of the water, of course, must be in the
form of dilution of the alcohol, and after it is
determined that a certain amount of dilute-al-
cohol gives the desired octane effect, the B. t. u.
value of this mixture must be checked together
with the primary fuel to ascertain that the en-
gine is receiving the proper B. t. u. per horse-
power hour:”

To find the proper quantity of both fuels sup-
plied, it is best to determine the unburned fuel
in the exhaust by the use of one of many suit-
able exhaust gas analyzers. I prefer to do this
on a dynamometer where power, fuel consump-
tion, and exhaust analyses can be raad accurately.
It may be done, however, on a vehicle operated
undér comparable loads by the use of a stop-
watch and a gas analyzer, simply determining the
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. time in which the vehicle negotiates a given grade
and regulating the fuel supply to the best fuel
reading (quantitatively).

T have found that when sufficient water only is
~ 8 added into the intake of the motor to suppress a
given degree of detonation, there is & substantial
power loss incurred but when said water is mixed
with a percentage of alcohol and the fuel value
of that percentage of alcohol is properly balanced
with the motor reguirements, then & gain of
horsepower is incurred.

-For economical reasons, of course, alcohol
should be used as sparingly as possible on account
of its expense, and .it is, of course, understood
that an alcohol-water mixture must be atomized
and mixed with the fuel in its vapor form as
dilute-alcohol and gasoline, for example, are not
miscible in each other. The apparatus for the
introduction of secondary fuels by separate atom-
ization has been described fully in the two patent
applications previously mentioned.

The general principle herein disclosed must be
applied and the critical proportions must be
maintained no matter what the secondary fuel
might be, it being understood, that anti-detonat-
ing fuels are generally more expensive and my
previous patent applications were directed to-
wards the use of such fuels only when needed, in
-order to minimize the expense. The present in-
vention is also carried out for reasons of economy
in the same manner. However, when mixtures
are used, not miscible in the main fuel, it be-
comes necessary to supply them separately for

. physical reasons. -

Another example of the necessity of maintain-
ing the critical proporticns of the two fuels may .
be seen when iso-octane is used. It has substan-
tially the same fuel value as gasoline. (The cost,
of course, is higher.) While it is entirely feasible
to mix it with the main gasoline supply, for
= economical reasons, of course, it should be sup-

plied separately at detonation periods only, but at

the time when such separate supply occurs the

- main fuel supply must be réduced, or the engine

* may be operated during throttle periods and the
secondary fuel may be added together with more
main fuel when maximum torque is required.

I am aware of the fact that it has been pro-
vosed to use what might be termed a dual-car-
buretor; one, having the high octane fuel suvply
and the other, the low octane fuel supply. Each
of them mixes the charge with the air supply and
) one of them is cut down by throttle means while
the other one is increased by another throttle
means. This, however, is not the equivalent of
the present invention, because the more expen-
sive fuel is used more and more with increasing
throttle openings until finally the expensive fuel
is used entirely at wide open throttle, whereas,
the present inven¥ion contemplates using an
anti-detonator only for brief periods and main-
taining the main suvpply of fuel of the cheapest
possible grade for the maljority of time and, in
g5 addition thereto, the present invention contem-

plates to use the relatively high latent heat of

vaporization required by water without intercept-
ing the flame propagation by totally uncombusti-
ble water vapor. This is accomplished by atom-
70 Izing with the water relatively small quantities of
alcohol and may also be accomplished by the use
of water miscible combustible such as acetone,
etc. The present invention also contemplates to
add anti-corrosive substances such as oils and
%3 ketones either by mixing same directly with the
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secondary fuel or spraying minute quantities of
the same into- the intake mechanism of the en-

gine.
“The present invention must not be confused

with any method where water and/or alcohol is

evaporated by heat and then supplied to the in-
take bf the engine. It must be borne in mind
that the present invention makes use of the ab-
sorption of excess temperatures in the: intake
mechanism and cylinders by utilizing the latent
heat of vaporization which would be already in-
corporated if vapors were used as hereinbefore
described.

The present invention also contemplates the
use of chemicals in the water mixed with aleohol
such as for instance: ammonium mtrate and
others, this for the purpose of setting free oXygen
whenever desired, and I may use. sugar, etc to
increase the fuel value.

Tn other words, the invention makes possible
the use of water soluble combustibles.

10
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With reference to water alcohol mixtures or
mixgtures of other carbo-hydrates with water, I .

have found that approximately 28% of alcohol
plus 75% of water are the best proportions for
economical reasons as well as for best engine per-
formanece, other combustibles may be added in
accordance with their fuel*value.

It is, of course, understood that in order to
obtain maximum resulfs the compression pres-
sures and spark settings must be correlated to
the anti-detonating value of the fuel. This,
however, is well understood by those versed in
the art.

As an antl-knock fluid. I may use alcohol and
water in suitable proportion. For example: 30%
of alcohol and 70% water. I may also use ace-
tone in similar proportions.

Apparatus

The apparatus to be described following has
been disclosed in my said copending applications
Ser. No. 219,535 and Ser. No. 259,806 and certain
features thereof will be described following in
conjunction with the annexed drawings illustrat-
ing a suitable means for carrying out the method
of this invention. :

Referring more particularly to Figs. 1 and 2:
the engine | is supplied with the usual infake
manifold 2, which has an outwardly exfending
intake branch in communication with a down
dralt carburetor 3 which msy be equipped with

&

3

throat: {# into which extends a- nozzle i5 pro-
vided with a suitable needle valve 16 for adjust-
ing the flow of fluid through said nozzle into the -
venturi.

Referring to Figs. 3, 4 and 5: it will be seen. -
that the nozzle 5§ is in communication with one
end of a channel 11, whose other end communi-.
cates with a reservoir 18 which may be provided
with fluid, such as the water-alcohol mixture,
through the pipe 18 supplying said fluid from a
suitable tank, either by means of gravily or a
pump in the. customary manner. The level of
the fluid in the reservoir 18 may be accurately
controlled by the adjustable weir 20, and the
overflow passing over said weir is taken back to
the supply tank as by a pipe 21.

Referring more particularly to Figs 2 and 3.
it will be seen that the throttle control 6 is con-
nected to the main throttle valve § by means of 2
bell erank 22 which is also connected to the upper
end of a link 23, whose lower end is connected by
means of a slot and pin connection to an arm 24
fizxed to a shaft 25 carrying a butterfly valve 26
disposed within the transverse intake passage {2;
the parts being so arranged that on the prede-
termined positions of the throftle valve § the
valve 26 is given the desired opening. The other
end of the valve rod 25 carries secured thereto a
crank arm 27, which is connected by means of a
rod 28 to one end of a cam arm 28, pivoted at
30, and whose other end carries a suitable cam
follower in operative engagement with a cam 3¢

- slidably journaled on governor spindle 32 by s
35
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- shaft in any suitable manner.

50

the usual air cleaner 4. The usual butterfly
14

valve throttle 5 is actuated by throftle control
mechanism designated as 6 and in the present
embodiment actuated from the aceelerator foot
pedal 1. The heating unit 8 is preferably utilized
in the manner and for the reasons more partic-
ularly referred to in my ssid copending applica-
tion Ser. No. 259.806. Interposed hetween the
heating unit 8 and the intake manifold.2 is a
unit for introducirg said dilute aleghal or the
like mixture into the intake system. This 1nit
comprises & bodv member provided with -a cylin-
drical bore 10 formed as a part of the intake
branch of the manifeld 2, and the bodyv is prn-
vided with suitable flanees such as f{ serving to
sectre it in positirm. A fransverse passage [2
has a cylindrical intermediate portion and jfs
inner end is redveed in size and is provided with
a tube I3 extending within the bore {8 and pro-
vided with suitable openines for emitting the
anti-knock mixture inte the intake system. The
outer end of the bore is provided with a Venturi

6

6

spline or sliding connection designated as 33.
The cam 31 is actuated in a vertical direction by
means of & suilable governor mechanism such
as 34 in such manner that the governor is freely
rotatable so as to perform its usual functions
while at the same time earrving with it upwardly
and downwardly the cam 3{ and the governor is
operatively connected with the engine crank
Accordingly, as
the engine speed variss, the governor causes the

- cam 31 to reciprccate in accordance with the en-

gine speed.

The surface of the cam 3 is plotted in accord-
ance with the predetermined engine characteris-
tics so as to mobve the valve 26 in the desired
position in aceordance with the method previous-
ly described. Taking for purposes of illustration
an engine having a maximum R. P. M. of 3629
and assuming that the normal period of defona- -
tion of said engine in the use of a given primarv
fuel commences at 800 R. P. M., reaches a maxi-

" mum intensity of detonation at 2000 R. P. M.,

0

5
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and ceases to detonate at 2500 R, P. M.: the cam
31 and associated mechanism will be so propor-
tioned and arranged that the valve 26 will com-
mence to-open at 800 R. P. M., and will continue
to. open until the speed of 2200 R. P. M. has been
reached, and will then start to close at increasine
speeds where detonation gradually subsides and
will be closed when there is no tendency to de-
tonate. The slotted connection on the end of
the link 23 is arraneed to provide for the speed
control of the valve 26 without interference from
this link connection to the usual throttle control
6, but the slotted connection is so arranged that
if the throttle merhanism 6 should be quickly
actiated as by a full depression of the pedal T.
the connecting link 23 will serve to impart =
limited opening movement immediately to the
valve 26 at nearly open throttle. From the fore-
going it will be seen that as the gccelerator pedal
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1 is depressed to open the throttle valve 5, the
engine speed is increased and this increase in en-
gine speed correspondingly opens the valve 26 to
permit the passage of atomized dilute alcohol-
water mixture or the like mixture into the intake
system, where it is intermingled with the primary
fuel mixture to automatically effect the desired
results as above more fully described.
What I claim is:
1. The method of suppressing detonation in an
.internal combustion engine subject to normal pe-
riods of detonation in the use of a primary fuel
.which comprises, supplying to the intake of said
engine in conjunction with an atomized primary
fuel mixture a relatively small amount of a water
_ miscible combustible carbohydrate admixed with
a relatively large amount of water during sald
normal detonation periods and controlling( the
~amount of said water-carbohydrate mixture so

supplied in proportion to the primary fuel con-":

sumed during said periods in accordance with
the octane values respectively of said water-car-
bohydrate mixture and said primary fuel mixture
so as to provide a combined total fuel value com-

mensurate with the required octane and fuel re- *

quirements of said engine for its maximum det-
onation-free performance.

2. The method of suppressing detonation in an
internal combustion engine subject to normal
periods of detonation in the use of a primary fuel
which comprises, supplying to the intake of said
engine in conjunction with an atomized primary.
fuel mixture a relatively small amount of alco-
hol admixed with a relatively large amount of
water during said normal detonation periods,
said mixture containing at least 256% of alcohol,
ahd controlling the amount of sald mixture so
supplied in. proportion to the primary fuel con-
sumed during said periods substantially in ac-
cordance with the octane and B. t. u. values of
said mixture and said primary fuel mixture re-

&
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spectively so as to provide a combined total fuel

value commensurate with the . required octane
and B. t. u. requirements of said engine for its
maximum detonation-free performance.

" 3. The method of suppressing detonation in
an internal combustion engine subject to nor-
mal periods of detonation in the use of a pri-
mary fuel which comprises, supplying to the in-
take of said engine in conjunction with an ato-
mized primary fuel mixture a relatively small
amount of alcohol admixed with a relatively
large amount of water during said normal deto-
nation periods and controlling the amount of

said water-alcohol mixture so supplied in pro- «

portion to the primary fuel consumed during said
periods substantially in accordance with the oc-
tane values respectively of said water-alcohol
mixture and said primary fuel mixture so as to
provide a combined total fuel value commensu-
rate with the required octane and fuel require-
ments of said engine for its maximum detona-~
tion-free performance.

4. The method of suppressing detonation in an

internal combustion engine subject to normal 85

periods of detonation in the use of a primary fuel
which comprises, supplying to the intake of said
engine in conjunction with an atomized primary
fuel mixture a relatively small amount of a water
miscible combustible carbchydrate admixed with
a relatively large amount of water containing a
chemical capable of supporting combustion with-
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the amount of said water-carbohydrate mixture
so supplied in proportion to the primary fuel
consumed during said periods in accordance with
the respective octane values of said water-carbo-
hydrate mixture and said primary fuel mixture
so as to provide a combined total fuel value
commensurate with the required octane and fuel
requirements of said engine for its maximum det-
onation-free performance.

5, The method of suppressing detonation in
an internal combustion engine subject to nor-
mal periods of detonation in the use of a pri-
mary fuel which comprises, supplying to the in-
take of said engine in conjunction with an ato-
mized primary fuel mixture a relatively small
amount of an aqueous mixture containing at
least 25% of alecohol during said normal detona-
tion periods and controlling the amount of said
aqueous mixture so supplied in proportion to the
primary fuel consumed during said periods in
accordance with the octane values respectively of
said aqueous mixture and said primary fuel mix-
ture 5o as to provide a combined total fuel value
commensurate with the required octane and fuel
requirements of said engine for its maximum
detonation-free performance.

8. The method of suppressing detonation in
an internal combustion engine subject to nor-
mal periods of detonation in the use of a pri- ’
mary fuel which comprises, supplying to the in-
take of said engine in conjunction with an ato-
mized primary fuel mixture a relatively small
amount of alcohol admixed with a relatively
large amount of water commencing after the

5 throttle has been partially opened and the en-

gine has attained & speed at which detonation
with the primary fuel would occur and ceasing
said introduction of water-alcohol mixture be-
fore the throttle is fully opened and within the
approximate range of periods of substantial
maximum filling and controlling the amount of :
said water-alcohol mixture so supplied in pro-
portion to the primary fuel consumed during

- said periods substantially in accordance with the

€0
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in the explosion chambers of said engine dur%ng i
said normal detonation periods and controlling -

octane values respectively of said water-alcohol
mixture and said primary fuel mixture so as to
provide a combined total fuel value commensu-
rate with the required octane and fuel require-
ments of said engine for its maximum detona-

tion-free performance.

7. The method of suppressing detonation in an
internal combustion engihe subject to normal
periods of detonation in the use of a primary"
fuel which comprises, subjecting a body of mov-
ing air to a spray of fluid comprising water and
alcohol in proportions predetermined by engine
characteristics and introducing the resulting

Jmixture into a primary fuel mixture intake
‘stream at predetermined periods in accordance

with engine performance.

8. The method of suppressing detonation in
an internal combustion, spark ignition engine
which comprises, supplying to the intake of said
engihe an atomized primary mixture of fuel and
air, adding to said primary mixture during the
normal detonating periods of said engine a sec-
ondary atomized fuel mixture comprising a water
miscible combustible carbohydrate admixed with |
water and air, and controlling the amount of
said atomized water-carbohydrate mixture so
supplied in correct proportion to the primary
fuel mixture to suppress detonation, without loss

‘of power or efficiency.

ALFRED SCHWARZ.



